Summary. Searle & Zinn have measured spectral flux densities for 177 red giants in 19 globular clusters. Similar measurements have been made for the Draco dwarf spheroidal galaxy and for the globular cluster Omega Centauri. The observations are used to define a quantity At, mainly dependent on temperature, and quantities 0(A) and S, which are dependent on temperature and line blocking.
In order to study galactic globular clusters in some detail we computed further synthetic spectra, using the methods described in Paper I. The temperatures, gravities and abundances of the models were chosen as discussed in Section 3. We also studied the effect of changes in Ca, C and N abundances. The resultant values of Q(k),S and S' are given in Table 2. Owing  to improvements made in the line list used, the values of Table 2 are slightly different from  those of Table 1 for identical model atmospheres.
The flux in the 3880 passband is dependent on the H and K line absorption and hence on the Ca abundance. In view of the possibility of variations in [Ca/Fe] from star to star and because the computed ultraviolet and violet line blocking is smaller than that observed for Population I red giants, and even for intermediate Population II giants such as Arcturus {cf. Frisk et al. 1982) , probably due to a veil of very weak metal lines not included in the calculations {cf. Gustafsson & Bell 1979) , it seemed desirable to compute an additional index which omits the shortest wavelengths. We therefore define S' which is analogous to 5 except that the fluxes in the region 3800-4120 are omitted. Values of S* for our models are also given in Tables 1 and 2 . Unfortunately, S' was found to be much less sensitive to abundance changes than S is and so we use S subsequently. Model 3750/0, 3750/0 3750/0, 3750/0, 3750/0, 4000/1 4000/1, 4000/1 4000/1, 4000/1 4500/2 4500/2 4500/2 4500/2 4500/2 5000/3 5000/3 5000/3 5000/3 5000/3 4000/0 4000/0 4000/0 4000/0 4000/0 4500/1 4500/1 4500/1 4500/1 4500/1 5000/3 5000/3 5000/3 5000/3 5000/3 4000/0 4000/0 4000/0 4000/0 4500/1 4500/1 4500/1 4500/1 5000/2 5000/2 5000/2 5000/2 .75/-0. Galactic globular clusters 253
The discrepancy between the observed and calculated flux distributions for Arc turns ([Fe/H] 0.7) amounts to more than 0.20 mag at 4100 Â and about 0.10 mag at 4500 Â. The exact values depend on the temperature and gravity adopted for the Arcturus model. This result was found from the photometry of Frisk et al (1982) and also for other giant stars of intermediate population II from the 13-colour photometry of Mitchell & Johnson (1969; c/. Bell & Gustafsson 1983, in preparation) . Effects of this order of magnitude in the analysis of the most metal-rich cluster stars like those of 47 Tue and M71 would lead to underestimates of the calculated S quantity by about 0.1 which, when the M y -S diagram is being used, transforms to overestimates of [Fe/H] by about 0.3 dex.
There is no homogeneous and accurate narrow-band photometry extending from the infrared to the violet for more metal-poor stars. Therefore, it is difficult to establish the magnitude of these effects for the less metal-rich clusters although the lack of a significant discrepancy of this type in the ultraviolet spectral region for the most metal-poor stars (cf Gustafsson & Bell 1979; Gustafsson et al. 1980) suggests that the corresponding discrepancy in the violet-blue is negligible for such stars. However, some check on the effect may be obtained from the UBVK photometry of different cluster giants by Cohen, Frogel & Persson (1978) and sources cited by them by comparing the location of the giant branches for Table 4 ; such corrections would, with our present knowledge, have to be mostly uncertain. It is, however, possible that the abundance corrections for the most metal-rich clusters may be as high as-0.5 dex.
When comparing these calculations with the observations, a number of points must also be borne in mind. First, Searle & Zinn reduced their observations to absolute fluxes using the absolute calibration of Oke & Schild (1970) rather than the more recent and now generally accepted calibration of Hayes & Latham (1975) . Differences in absolute calibration cause changes to ^ and the ß(X). Secondly, the absolute flux calibration at the wavelength of the 3880 Â band (containing the K line) was obtained by interpolation between the 50 Â bands centred at 3704 and 4032 Â. Thirdly, we have no data on the variation of instrumental II Cohen (1980) Galactic globular dusters 255 sensitivity over the 160 and 360 Â bandpasses used. These effects may well cause some systematic differences between computed and observed 8,8' and 'T values. Unfortunately, no observations on the SZ system exist for well-known nearby red giants, which could have been used as tests of our calculations. However, the relative success with theoretical calibration of other intermediate-and narrow-band systems (cf. Gustafsson & Bell 1979 ) makes it reasonable to proceed to a comparison between computed and observed quantities for the SZ system.
The comparison of the computed Q(K), 8 and S' values with the observations is carried out in the following order. In Section 3 we discuss the galactic globular clusters with the exception of co Cen. In Section 4 we treat co Cen and in Section 5 Draco.
The galactic globular clusters
The most natural manner of using the 5, 'T data to obtain cluster abundances is to plot 8 versus ^ (or 8 versus some other temperature indicator such asAE-UoiR-I). However, the data of Table 1 show that both 8 and ^ depend on gravity, as well as r ef f and metal abundance. In order to allow for this, we have used the estimates of the variation of logg along the giant branches of various globular clusters given by Bell, Dickens & Gustafsson (1979) and Bell & Dickens (1980) . We have also noted the relation between logg and r e ff for a 0.7 m®, Y -03 model in the evolutionary tracks of Sweigart & Gross (1977) and Mengel et al. (1979) . Since the gravity values of the evolutionary tracks depend on the (uncertain) value of the mixing length parameter used, we have primarily relied on the gravity values given by the clusters, with an assumed stellar mass of 0.8 m® and used the theoretical values mainly as a check. In the case of [A/H] = -3.0, r e ff and log g have been found by applying the differences between the evolutionary tracks found for Z = 0. Table 3 and the data of  Tables 1 and 2 The M V ,S diagram is the most convenient one for SZ to use, in view of their reliance on {S). When our models are used, however, it is more convenient to use [A/H],*? plots, with iso-Af v lines being drawn. Examples of these diagrams are shown as Fig. 4(a-c) , with the observational data for stars in M3, Ml3 and M92 again being plotted. The abundances deduced do not appear to depend on the luminosities of the stars. These diagrams have been used to find the mean abundances of the 19 clusters observed by SZ, the results being given in Table 4 . Stars withM v < -2.0, which lie outside the calibration range, have been excluded from the cluster abundance determinations. The average error of 0.02, quoted by SZ, for an individual observation of S gives an average error of 0.1 in [M/H].
A very tight relationship exists between our abundance results and those of SZ, shown in Fig. 5 . This is slightly surprising since the data are interpreted in quite different ways. Each cluster star with Af v > -2.0 contributes to our mean result for that cluster whereas SZuse all stars to find S at A/v= -1.0 and clearly the stars nearest that M v have greatest weight. Given our results, it is possible to predict the SZ abundance to an accuracy of ±0.1 in [M/H] for clusters with [M/H] < -1.0. The metal abundance found for the cluster M71 differs by 0.4. This cluster has been discussed elsewhere (Bell & Gustafsson 1982) . Our cluster results are, however, not identical with those of SZ for all abundances. As might be expected from Spectroscopically determined abundances are available for some clusters and are given in Table 4 . The abundance found by Bell & Dickens (1980) for M3 and M13, using Cohen's (1978) equivalent widths, are in excellent agreement with the results of the present paper. 
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The values found by Cohen for these clusters and for M92 Bell & Gustafsson (1982) .
While the S value for cluster stars is probably the best indicator of metal abundance, the individual Q(X) values may possibly yield information on the abundance of particular elements. Furthermore, a comparison of observed and computed Q(X) values gives an indication of the reliability of the abundances found from the S values. We have consequently plotted My versus 0(X) for X = 3880, 4040, 4200 and 4360. Whilst 0(4520), 0(4700) and 0(4880) are used in the evaluation of S, their numerical contribution is, in fact, small.
Plots ofA/y versus 0(3880), 0(4040),0(4200) and 0(4360) are given as Fig. 6(a-d) . Note that different horizontal scales are employed. The calculations are plotted for [A/H] = -3.0, -2.0, -1.0 and -0.5. The effects of carbon abundance changes on 0(4360) are given in Fig. 6 (e). The clusters chosen for study are M92, M3, NGC6171 and M71, which have abundances of [M/H] = -2.2, -1.5, -0.6 and -0.5 from Table 4 . Bell et al (1979) have used high-dispersion spectra of M92 stars to show that the weak G band effect in the more luminous stars is caused by a carbon depletion of as much as [C/A] = -0.7. They have also used DDO photometry of M92 stars and NGC 6397 stars (a cluster with a similar overall abundance to M92) to confirm the spectroscopic result and to extend it to argue that the carbon depletion is seen only in stars more luminous than My = -0.7. Carbon et al. (1982) agree that extensive carbon depletion occurs in the brighter giants and have argued that carbon depletions occur in fainter M92 stars. It was hoped that the SZ data would cast further light on this problem. The effects of carbon depletion should be observable in these Af v , 0(d) diagrams, judging from the data of Table 2 .
The My, 0(3880) diagrams (Fig. 6a ) cannot be used for determining the overall carbon abundance of a cluster. Changing the carbon abundance does change 0(3880) but a small change in the overall metal abundance has a similar effect. However, significant variation in [C/A] for different stars in a given cluster could be visible. The M92 stars lie close to the cluster [A/H] = -2.0 line, with the more luminous stars being slightly displaced blueward of the [A/H] = -2.0 line and the fainter stars being displaced redward. This is expected from the results of Bell et al that the most luminous stars are more carbon-poor in this cluster; however, the effects in Fig. 6(a) are small. The reasonable fit achieved for the fainter stars appears to rule out the possibility of a Ca underabundance. Stars in more metal-rich clusters lie in their anticipated positions.
The 4040 Â passband fluxes are insensitive to carbon abundance changes. The fit of Fig. 5(b) suggests that the computed 0(4040) values may be slightly too great for the M92 stars, by perhaps 0.05 mag. The general shape of the hypothetical cluster lines is quite good, with the suggestion that the value of 0(4040) for the most luminous M71 stars is somewhat too small in contrast to the 0(3880) case.
The My, 0(4200) cluster line for [A/H] = -2.0 gives very good agreement with the cluster M92 and M3 stars while the NGC 6171 and M71 stars are slightly redder than expected. It was anticipated that the reduced carbon abundance in at least the most luminous M92 stars would cause them to be systematically displaced by ~ 0.05 mag to smaller 0(4200) values, mostly as a result of the reduced G band strength. This does not seem to be the case. Even if the N abundance is enhanced as a result of C depletion, it is not expected 260 R. A. Bell and B. Gustafsson 
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that the CN bands in these very metal-poor stars will be strong enough to affect <2(4200), although it is certainly possible that the effect of N enhancement could be seen in stars with [M/H] ~ -1.0, as judged from Table 2 . As shown in Fig. 6(d) In order to check this problem further we examined the other very metal-poor clusters M53, NGC 5053, NGC 5466 and Ml5. Taking the data at face value in all cases the comparison of observed and computed 2(4360) values suggests that the stars in these clusters are very carbon-poor. The same effect holds for M3 and the [M/H] = -1 cluster M5. Since these results for metal-poor clusters disagree with the results from spectroscopic analyses and analyses of narrow-band photometry we feel they must be rejected. The explanation for the discrepancy may lie either in an error in the absolute calibration of the observations in this wavelength interval and/or in problems of representing the spectra in this wavelength region in the calculations. The latter seems unlikely, in view of our spectrum fits (Bell et al 1979) . Since the G band lies at the end of the band pass, the problems of instrumental sensitivity discussed earlier may be important. The combined error is quite large, being ~ 0.10 mag. While the adoption of a lower metal abundance for M92 would mitigate the problem, it would cause difficulties with the results from our basic Af v , S diagram.
If the synthetic spectra are in error by 0.1 mag in 2(4360), the consequent error in*5 is 0.013. This would correspond to the small error of ~0.05 in the [M/H] values found previously from our results.
In order to have some theoretical results available for comparison with the Draco stars, In Fig. 6 (e) we show the 71T V , 2(4360) diagram with the abscissa arbitrarily altered by 0.1 mag to obtain a better fit between theory and observation for M92 stars. The effects of carbon depletion are shown. In this latter diagram, the M3, M71 and NGC 6171 stars are also plotted. In view of the carbon depletions found in the most luminous M3 stars, the fit to them seems satisfactory. The same is true for the M13 stars fainter than Af v = -2. The appearance of the M92 stars in Fig. 6 (e) is quite reminiscent of the results of Bell et al (1979) for M92 and NGC 6397 stars, namely that the more luminous stars are carbon-poor whereas those fainter than M v = -0.7 are not. Unfortunately, the arbitrary shift needed in 2(4360) detracts from this support for the earlier result.
We have no grounds for suspecting errors in the computed line blocking in the 4280-4440 Â region based on our synthetic spectra for the Sun and Arcturus (cf. Gustafsson & Bell 1979 ) and the fit obtained to observed M92 spectra in the blueward half of this region (shown by Bell et al 1979) .
The success of the AS system (Butler 1975) The values given in Table 2 show that nitrogen abundance changes produce a change of ~ 0.1 in 2(4200) for a factor of 10 change in nitrogen abundance. This is only twice the error appropriate to an individual observation. Because of this, the scatter seen in diagrams of 2(4200) versus M v and the problems described above with the 4360 bandpass, we have 262 R. A. Bell and B. Gustafsson not attempted to deduce any nitrogen abundances from the ß(4200) observations. SZ pointed out that the star 1-240, which is a possible member of M2, has extremely strong CN. In fact, the CN is so strong [2(4200) = 1.05] that we feel membership is unlikely.
Omega Centauri
While the passbands used by Rodgers et al (1979, hereafter RFHS) The abundance histograms obtained from the RFHS data and from the Manduca & Bell (1978) RR Lyrae sample are given as Fig. 8 . Both are presumably subject to selection effects and the RR Lyrae data are subject to corrections discussed by Manduca & Bell -in the present paper we have not applied the 1.2 Â interstellar absorption correction or any other Cen are also plotted, the observations being those of Rodgers et al (1979) . The mean observational error in S is shown. and corrected to F = 12.5 mag. Since the range in V is only between 12.2 and 12.6, the latter correction is small. It was obtained using the slope of the giant branch in the colourmagnitude diagram (Fig. 10) . The stars do appear to show the expected trend, although the scatter is relatively large. Some scatter is of course expected, since some metal-rich stars will be AGB stars with possibly bluer colours. The colour-magnitude diagram of the clusters is shown as Fig. 10 , the data being taken from Cannon & Stewart (1981) 5 The Draco dwarf spheroidal galaxy
The M v , S diagram of the Draco dwarf spheroidal galaxy is given as Fig. 11 . All the observations used in this section are taken from Zinn (1978) . Considering the observational errors, it is apparent from Fig. 11 Arp (1961) , Hartwick 6 McClure (1974) and Canterna & Schommer (1978) , using ultraviolet excesses, DDO photometry and Washington photometry, respectively. However, our calculations suggest that both (U-B) and Washington photometry are not very sensitive to abundance changes at the level of [M/H] = -2.0 and our own analysis of the DDO data suggested [M/H] = -1.8 (Bell & Gustafsson 1975) .
Our results are basically in agreement with those of Cowley, Hartwick & Sargent (1978) , Kinman & Kraft (1980) , Kinman, Kraft & Suntzeff (1981, hereafter KKS) and with Zinn. KKS used measurements of the H and K lines to deduce abundances. For the nine stars in common to KKS and Zinn, our results give a mean abundance 0.15 dex greater than KKS and the rms difference between the two sets of results is 0.18 -the agreement is quite satisfactory.
In Fig. 12 All the results of the present section are based upon the assumption that the Draco stars are identical to globular cluster stars in the sense that the variation of T^f and log# along Draco s giant branch is the same as that along the giant branch of a galactic globular cluster of similar abundance. We have also neglected the possibility that some of the Draco stars are asymptotic giant branch stars.
Calibration of empirical abundance indicators
A number of properties of a cluster colour-magnitude diagram can be used to establish its abundance. Amongst these are: Sy[, the slope of the line from the horizontal branch-subgiant branch intersection to a point 2.5 mag in V up the giant branch (usually denoted S Galactic globular clusters 267 but here termed Sh to avoid confusion); (B-V) o gy the intrinsic colour index of the subgiant branch at the level of the horizontal branch; and AF, the V magnitude difference between the horizontal branch and the giant branch measured at (ß-V) 0 -1.4. The values we use for these quantities and their sources are given in Table 5 . NGC6779 is excluded because of the scatter in the c-m diagram. The (B-V) 0 % values are mainly from Butler (1975) , these values generally being those of Hartwick (1968) with improved reddening estimates from Burstein & MacDonald (1975) . The remaining values are generally from subsequent photometry although we have used the Sandage & Hartwick (1977) Figure 13 . The cluster abundances deduced in the present paper are plotted versus Hartwick's (1968) parameter S, the slope of the line from the horizontal branch-subgiant branch intersection to a point 2.5 mag in V up the giant branch. and the {B~V) o g values must be regarded as somewhat uncertain. The former has been omitted. We have drawn a curve through the points and have also added Butler's (1975) mean line. The two lines are quite similar. At the metal-rich end the difference is mainly due to our use of (£-= 1.00 for NGC6171 while Butler used 0.91. The scatter in the [M/H], AF diagram (Fig. 15) is also quite small.
Both AF and (AE-F) 0}g appear to be the more useful tools for giving [M/H] for a cluster, since the standard deviation of the points from the curves sketched in Figs 14 and 15 are 0.2 Figure 14 . The cluster abundances deduced in the present paper are plotted versus the colour index of the subgiant branch at the level of the horizontal branch. An empirical line is drawn through the points. Butler's (1975) mean line is also shown. Figure 15 . The cluster abundances deduced in the present paper are plotted versus AV, the magnitude difference between the horizontal branch and the giant branch measured at (B-V) 0 -1.4. An empirical line is drawn through the points. and 0.3 in [M/H], respectively. It will be of interest to examine these figures in more detail when further isochrones, computed using a mixing length of (1/H) = 1.6, become available.
Conclusions
Comparison of the observed and computed Af v ,S diagrams has allowed the determination of the mean metal abundances of 19 galactic globular clusters. These abundances agree quite well with those found by Searle & Zinn using a completely different technique for calibrating the photometric system. The abundances of the metal-rich globular clusters NGC6171 and M71 are found to be [M/H] = -0.6 and -0.5, respectively. As discussed elsewhere (Bell & Gustafsson 1982) and as is seen in Table 4 , these values are much higher than current spectroscopic results. This discrepancy may at least partly be due to the missing ultraviolet and violet blocking in the calculations as mentioned above.
While the abundances of some individual elements could, in principle, be found using the individual Q(X) values, this is not possible in practice. The occurrence of an unexplained zero point shift in the 0(4360) diagram unfortunately prevents the determination of carbon abundances. Reasonable estimates for the possible enhanced abundance of calcium in very metal-poor stars do not produce a large enough change in ß(3880) to be unambiguously useful.
The M v , S diagrams have given the mean abundance and the abundance range of samples of stars in both the globular cluster co Cen and the Draco dwarf spheroidal galaxy. In the former case, the abundance range found does explain the width of the giant branch in the M v ,B-V diagram. The abundances found for the Draco stars suggest amean metal abundance slightly higher than that of the most metal-poor galactic globular clusters.
The abundances found for the galactic globular clusters allow empirical abundance indicators, namely (B-V) o g , AV and 5 H , to be calibrated. It appears that (B-V) o g is the most accurate such indicator whereas (Hartwick's S) is the least accurate. 270 R. A. Bell and B. Gustafsson 
